Summary. To investigate the mechanism of suppression of follicular development during the luteal phase of the human menstrual cycle, the corpus luteum was enucleated surgically from 10 women at various times after ovulation. In the 24 h after CL enucleation there was an immediate and rapid fall in the concentration of oestradiol and progesterone and a temporary decline in the concentration of FSH and LH. Within 3 days, however, all 10 women showed evidence of renewed follicular activity as indicated by a progressive rise in the concentration of oestradiol. This rise was preceded by a rise in the concentration of FSH and LH, and ovulation, as indicated by a mid-cycle surge in LH and rise in the concentration of plasma progesterone, occurred 16\p=n-\19 days after enucleation. There was no significant difference in the time to ovulation following enucleation at different times of the luteal phase. The post \ x=req-\ operative follicular phase, measured from the time of enucleation, was 3 days longer than that observed pre-operatively from the first day of menstrual bleeding. In the follicular phase of post-operative cycles the concentration of FSH was higher and that of oestradiol lower than the corresponding values before surgery.
Introduction
During the luteal phase of the menstrual cycle in the human and the rhesus monkey all large antral follicles (> 4 mm diameter) are atretic (Block, 1951 ;  Koering, 1969; McNatty et al., 1983) . It has been suggested that this inhibition of follicular development in the primate is due to suppression of gonadotrophin levels by the combined negative feedback effect of oestradiol and progesterone secreted by the corpus luteum (Baird, Baker, McNatty & Neal, 1975) . Removal of the corpus luteum by surgical enucleation during the luteal phase in rhesus monkeys and in women results in restoration of follicular development and ovulation occurs 12-14 days later (Goodman, Nixon, Johnson & Hodgen, 1977;  Nilsson, Wikland & Hamberger, 1982) . This effect can be delayed by administration of progesterone, suggesting that this steroid normally plays a key role in inhibiting follicular development during the luteal phase (di Zerega & Hodgen, 1981) .
The factors initiating development of antral follicles and subsequent selection of the dominant follicle are complex and not fully understood (Baird & McNeilly, 1981 ; Hodgen, 1982) . It has been suggested that the rise in FSH which occurs coincidentally to the mid-cycle LH surge in the rat is important in recruiting follicles of the next cycle (Schwartz, 1974) . However, in the primate it is likely that the rise in FSH (and LH) that occurs towards the end of the cycle as the corpus luteum regresses plays a critical role in stimulating the development of the small antral follicle which will eventually ovulate (McNatty, 1982; Baird, 1983) . were unable to detect any change in the concentration of FSH or LH following enucleation of the corpus luteum in rhesus monkeys concluded that progesterone has a direct inhibitory effect on follicle growth in the ovary.
In the present experiments we have measured the changes in the concentration of steroids and gonadotrophins before and after surgical enucleation of the corpus luteum at the time of hysterectomy in 10 women. Daily blood samples were collected from all 10 patients for at least 2 days before and 14 days after hysterectomy. In those subjects for whom daily blood samples were available at the appropriate time ovulation was assumed to occur on the day after mid-cycle LH peak (Djahanbakhch, McNeilly, Hobson & Templeton, 1981) . In the remainder, in whom only urinary total oestrogen and pregnanediol excretion were available, ovulation was assumed to occur on the day when the urinary excretion of pregnanediol rose at least 2-fold above the level found during the follicular phase. In 7 patients in whom daily blood samples were begun by Day 5 of the cycle before admission to hospital, it was possible to date the time of hysterectomy in relation to the mid-cycle LH surge. In the remaining 3 patients, blood sampling was not begun until admission to hospital, 2 days before surgery and the time of the luteal phase was based on the rise of the urinary excretion of pregnanediol and the histology of the endometrium. Of these 3 women, 2 were operated on within 4 days of ovulation (early luteal, EL) and the remaining woman during the late luteal phase (> 10 days after ovulation, LL). In these women it was not possible to calculate the length of the follicular phase exactly because a sample was not collected on the day of the LH surge. Hence a range representing the extremes within which ovulation must have occurred was calculated. In the 3 women in whom the corpus luteum was enucleated between Days 4 and 10 (mid-luteal, ML) the day of the LH surge was identified and hence no range is given.
Materials and Methods

Subjects
A complete series of daily blood samples extending to the day of the post-operative mid-cycle LH surge was available for 6 women. Urine was also collected from 1 woman every day after cessation of blood samples for the measurement of total oestrogen and pregnanediol. The intra-and inter-assay precision were 8 and 12% for both assays and the sensitivities were 5 and 140 pg/ml for oestradiol and progesterone respectively. FSH and LH were assayed using a doubleantibody radioimmunoassay (Hunter & Bennie, 1979 The intra-and inter-assay coefficients of variation were 10 and 12% for both assays and the sensitivities were 0-2 and 0-1 mu/ml for LH and FSH respectively.
Total oestrogen in urine was measured by a semi-automatic fluorometric technique (Brown, MacLeod, Macnaughton, Smith & Smyth, 1968) and pregnanediol by gas-liquid chromatography (Chamberlain & Contractor, 1968) . The coefficients of variation in the range of samples measured were 11 and 12% and the sensitivities were 0-5 µg/24 h and 0-2 mg/24 h for oestrogen and pregnanediol respectively.
Statistical evaluation
A log normal distribution was assumed and all data were log transformed before statistical evaluation. Non-parametric statistics were used to test differences between two single means (Siegel, 1956) . When the means from more than two groups were to be tested, one-way analysis of variance was used. Two-way analysis of variance was used to test differences between groups over several days (Wonnacolt & Wonnacolt, 1972 (Table 1 ). In the EL and LL groups a sample was not collected on the day of the LH surge in every subject and hence a maximum and minimum value was calculated in each group. All four combinations of maximum and minimum length in the EL and LL groups were not significantly different from those of the ML group when tested by one-way analysis of variance. The values for all three stages of the luteal phase were therefore combined in subsequent analyses.
For one woman no measurements were available pre-operatively to date ovulation precisely. For the remaining 9 women the mean post-operative follicular phase measured from the time of enucleation of the corpus luteum was approximately 3 days longer than that observed before operation taken from the first day of menstrual bleeding (P < 0-01, Wilcoxon matched-pair signrank test, see Table 1 ). 17-0+1 -5a 3
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16-6 + 0-7" fig. 3 ). The concentration of LH returned to the pre-operative value by 12 h and rose gradually over the next 10 days. The concentration of FSH remained significantly lower than the pre-operative value for 24 h but thereafter rose progressively (Text-fig. 2 ). The FSH concentration 1 week after CL enucleation was significantly higher than the mean levels in the 3 days before operation (F(l,85) To compare the levels of hormones in the pre-and post-operative cycles the values were centred around the mid-cycle LH peak. The FSH concentration in the 5 days before the LH peak was significantly higher post-operatively than pre-operatively in the same subjects (F(l, 10) = 13-4, < 0005, two-way analysis of variance; see Text- fig. 4 ). There were no significant differences in the concentration of LH but the concentration of oestradiol during the last 5 days of the follicular phase was significantly lower post-operatively(F( 1,10) = \1-2,P < 0-005, two-way analysis of variance). Although most values were within the normal range, the post-operative oestradiol peak was significantly lower than the corresponding value pre-operatively (252 + 50 compared with 420 + 71 pg/ml: F(l,5) = 13-9, < 0-025, two-way analysis of variance).
After the LH peak, the rise in concentration of progesterone was significantly lower postoperatively than were the pre-operative values (F(l,4) = 12-5, < 0-025, two-way analysis of variance).
Discussion
The results of the present study confirm two previous reports in which the concentration of oestradiol and progesterone fell to very low levels following surgical removal of the corpus luteum (Aedo, Pedersen, Pedersen & Diczfalusy, 1980; Nilsson et al., 1982) . These results, together with the high concentration of these steroids in the CL (Swanston, McNatty & Baird, 1977) and in ovarian venous blood (Mikhail, 1970; Lloyd et al., 1971; Baird, 1977; Aedo et al., 1980) , are conclusive proof that the CL is the major source of oestradiol and progesterone in the luteal phase of the human menstrual cycle. The suppression of FSH and LH for 12-24 h after operation was probably due to the effect of general anaesthesia and post-operative sedation (Charters, Odell & Thompson, 1969; Carstensen, Amer, Wide & Amer, 1973; Yen, Vandenberg, Tsai & Parker, 1974) . In the 48 h following operation the women received on average 52 mg diamorphine which is known to suppress LH and FSH secretion (Mettes, Bruni, Van Vugt & Smith, 1979) . Thereafter the concentration of both gonadotrophins rose above the pre-operative values, in a manner similar to that observed during spontaneous regression of the corpus luteum in the late luteal phase of the cycle. These results are in keeping with the suggestion that the low concentrations of gonadotrophins which are found during the luteal phase are due to the negative feedback effect of both oestradiol and progesterone (Faiman & Ryan, 1967; Midgley & Jaffe, 1968; Baird et al., 1975) .
During the luteal phase of the cycle there is a marked change in follicular activity in women (Block, 1951 ; Gougeon, 1982) and rhesus monkeys (Koering, 1969) . Virtually all antral follicles of diameter greater than 4 mm are in various stages of atresia (McNatty et al., 1983) . The present result confirms previous studies on monkeys (di Zerega & Hodgen, 1981) and women (Nilsson et al., 1982) that follicular growth and ovulation recommence following enucleation of the corpus luteum. The fact that the time to ovulation was similar following enucleation in the early, mid-and late luteal phase indicated that there are no defined 'waves' of follicular activity during the luteal phase. Therefore, if the mid-cycle peak of FSH stimulates follicular activity it must have an effect on follicles of diameter < 2-4 mm.
The post-operative follicular phase was approximately 3 days longer than that observed preoperatively (Table 1 ). The latter was measured from the time of onset of menstrual bleeding which is approximately 2 days after the onset of luteal regression and coincides with a rise in the concentration of FSH and LH (Ross et ai, 1970) . This rise in the concentration of gonadotrophins was delayed by 24 h following surgery (Text- fig. 3 ). Thus the time from the gonadotrophin rise to the LH peak observed after enucleation (14 days) is similar to the corresponding interval in normal women.
Although all women showed evidence of ovulation post-operatively, as indicated by the surge of LH and subsequent rise in the concentration of progesterone, there were certain differences in the pattern of hormones in the post-operative cycle. The concentration of FSH was significantly higher in the follicular phase of the post-operative than of the pre-operative cycle (Text- fig. 4 ). It may be that the reduced levels of FSH which occurred in the 24 h after surgery resulted in a sub-optimal priming of the early antral follicle with consequent reduced secretion of oestradiol and possibly inhibin (Strott, Cargille, Ross & Lipsett, 1970; di Zerega & Hodgen, 1981) . The relatively slow rise in progesterone concentration after ovulation would be in keeping with a degree of 'inadequate corpus luteum' (Lenton, Adams & Cooke, 1978) .
However, in contrast to the studies with rhesus monkeys, in our study follicular development, as indicated by a progressive rise in the concentration of oestradiol, was always preceded by a rise in the concentration of FSH and LH. Di Zerega & Hodgen (1981) suggested that follicular development may have been inhibited by the local effect of progesterone on the adjacent ovarian tissue. However, it is difficult to resolve this view with the fact that ovulation can occur in either ovary irrespective of the presence of a CL (Clark, Dierschke & Wolf, 1978) . The failure to detect a change in the basal values of FSH or LH following removal of the CL may be due to the limitations of the present radioimmunoassays for gonadotrophins in the rhesus monkey since there are marked discrepancies between the values obtained with radioimmunoassay and bioassay in this species (Marut et al., 1981) .
